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BOREHOLE GEOPHYSICS 
 
 After the well has been drilled, the cuttings have been analyzed and described, 
the drill-time/lithology log has been completed, the open, non-cased borehole provides 
an excellent access to the ground-water system at a single point.  Borehole geophysical 
investigations provide excellent vertical-profile information on the lithology, flow 
components (production zones), structure, permeability, porosity, and water quality of 
the ground-water system.  Multiple logs typically are collected to take advantage of their 
synergistic value: much more can be learned from a suite of logs than from individual 
analysis of the same logs.  Geophysical logs provide unbiased, continuous and in-situ 
data and generally sample a larger volume than drilling samples. 
 Simply put, downhole measurements are taken with an electrically-powered 
probe connected to a cable with one or more conductors.  Electrical voltage and data 
pulses are transmitted through the cable to and from a surface recording device.  The 
surface equipment usually consists of a drawworks, depth encoder, power supply, 
series of electronic panels, computer, and an output device, such as a printer, monitor, 
or pen recorder.  The probe is hoisted up or down the borehole at a constant speed 
while data are being sent to the surface and recorded.  All also are recorded with depth, 
creating curves of borehole measurements.  Some logging devices produce digital 
“pictures” of the borehole wall or measurements of vertical flow rates in the borehole. 
 Borehole geophysical logging techniques were developed in the petroleum 
industry, but the techniques and equipment have been modified or developed for the 
ground-water industry.  A basic, portable, tuck-mounted system appropriate for most 
ground-water investigations can cost $5,000-$10,000.  Commercial petroleum loggers 
may charge $3,000 for two logs. 
 Surface geophysical techniques also have very useful applications to ground-
water investigations, including determination of the depth and distribution of lithologic 
units, depth to ground water, presence and distribution of certain contaminants, buried 
objects (tanks), and land disturbances (cavities, reworked soils, edges of landfills, etc.)  
These techniques will only be briefly discussed in this course.  
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WHY LOG? 
 
• Delineation of hydrogeologic units 
• Definition of ground-water quality 
• Determination of well construction and conditions 
 
TYPES OF LOGS 
 
• Caliper logs 
• Natural-gamma logs 
• Single-point resistance logs 
• Spontaneous-potential logs 
• Normal-resistivity logs 
• Electromagnetic-induction logs 
• Fluid-resistivity logs 
• Temperature logs 
• Flowmeter logs (velocity measurements) 
• Television logs 
• Acoustic-televiewer logs 
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Table – Types of geophysical tools and their application to ground-water studies. 
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Table – Types of geophysical tools and their application to ground-water studies— 
  continued 
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Figures – Schematic of geophysical         Figures – Electromagnetic-induction and litho- 
               logging system (above).                                 logic logs, specific conductance of 

ground water, and geoelelectric section  
for a monitoring-well pair (above). 

           
Example of earth-resistivity                           Example of square-array resistivity 

     survey (below)              survey (below).  
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Figure – Suite of geophysical logs from a fractured-bedrock borehole. 
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GROUND-WATER-VELOCITY MEASUREMENT (TOOLS and TECHNIQUES) 
 
 Several geophysical (downhole) tools are available for the measurement of 
ground-water velocity in boreholes or wells.  In addition to the tools there are various 
other techniques that can be used for the measurement of ground-water-flow rates.  
Such techniques may include injection/tracer tests.  Most methods determine vertical 
flow rates. 

 
Table – Summary of high-resolution borehole-flow and related measurement techniques. 
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Figure – Borehole heat-pulse flowmeter Figure – In-situ ground-water flow- 
               Measures vertical flow.     velocity tool.  Measures 

              3-dimensional flow field 
     

TRACER TESTS 
 
 Tracer tests involve emplacing a tracer (conservative substance that mixes with 
the ground water) in a monitoring well and documenting the movement of the tracer in 
the aquifer around the injection well, or between two or more wells, over a period of time.  
Tracer tests can be used to document flow paths, determine ground-water-flow velocities 
and provide contaminant-transport parameters.  
 Any hazardous-waste site that involves ground-water contamination can be 
considered a tracer test. Generally, however, we have no control over the rate of injection. 
 Unlike most other ground-water characterization techniques, the tracer test usually 
provides direct information on the ground-water flow paths and velocities.  However, the 
tests are seldom used because of the costs involved, the general reluctance to inject 
additional constituents into ground-water contamination sites, and the difficulty in 
completing the tests. 
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TYPES OF TRACER TESTS 
 

• Single Well    Measure aquifer characteristics near the 
• Injection/Withdrawal  borehole, but very little beyond a few feet. 

• Borehole Dilution  These tests are generally easier to 
 Implement than multiple-well tests. 

 
• Dual or Multiple Well    

• Uniform (Natural Gradient) Measure aquifer characteristics in the area 
• Radial flow   between the well tests.  Usually the further 

Away the wells, the more tracer is lost to 
the system, and the harder the 
interpretation. 

 
TYPES OF TRACERS 
 
                
NATURAL TRACERS     INJECTED TRACERS  
Stable Isotopes          Radioactive Activatable      Inactive    
                            Ionized       Drift Material  
 
Deuterium       2H       Tritium  3H Bromide       35Br Salts: Na+CL-      Lycopodium spores 
Oxygen—18             Sodium—24 Indium          49In           K+Cl-      Bacteria 
Carbon—13          Chromium—51 Manganese  25Mn           Li+Cl-      Viruses 
Nitrogen—15          Cobalt—58 Lanthanum   57La           Na+I-       Fungi 
Strontium—88          Cobalt—60 Dysprosium   66Dy           K+Br-      Sawdust 
 
Radioactive Isotopes       Fluorescent Dyes 
 
Tritium            3H       Gold—198     Optical Brightners 
Carbon—14                 Iodine—131     Direct Yellow 96 
Silicon—32           Phosphorous—32     Fluorescein 
Chlorine—36        Acid Yellow 7 
Argon—37        Rhodamine WT 
Argon—39        Eosin (Acid Red 87) 
Krypton—81        Amidorhodamine  (Acid Red 50) 
Drypton—85 
         Physical Characteristics  
         Water Temperature 
         Flood Pulse    
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                                      Figure – Typical irregular breakthough curve. 

 
 
 
Figure – Actual test. Unfortunately  most tracer tests don’t perform as intended 
  (note multiple breakthroughs).     
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